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ABSTRACT OF THE DISCLOSURE 
A feed system for a plasma thrustor in which the 
ionization chamber is electrically isolated from the pro- 
pellant supply source. This isolation is achieved by utiliz- 
ing an electrically noncondoctive tubular member through 15 
which the propellant flows from the source to the ioniza- 
- ,«!od chamber.- 

The invention described herein may be manufactured 20 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

The instant invention relates generally to plasma de- . 
vices. More particularly, the instant invention relates to 25 
a feed system for use in a plasma device of the type 
wherein a vaporized propellant is transmitted from a 
source to an ionization chamber. The instant invention is 
particularly applicable to plasma thrustors, such as dis- 
closed in U.S. Patent No. 3,156,090, magnetic expansion 30 
thrustors and other types of plasma devices. 

Generally speaking, in a plasma thrustor a propellant 
fuel supplied from a propellant storage tank is vaporized 
and then fed into an ionization chamber. In the ionization 
chamber the vaporized propellant is ionized forming 35 
thereby a plasma, 

Hithertb, the propellant storage system including the 
vaporizer unit have been either directly connected or in- 
tegrally mounted with the ionization chamber. These ar- 
rangements have required the propellant supply system 40 
to be elevated to the high potential of the ionization 
chamber which may be in the vicinity of 2000-10,000 
volts. With the application of thrustors as a primary pro* 
pulsion system a multiplicity of modules would be desir- 
able. Sizable quantities of propellant would also have 45 
to be inventoried with each unit. With the propellant sup- 
ply system at this high voltage, a multiplicity of com- 
ponents would he necessary with actuators and sensors 
floated at the ionization chamber potential. 

Accordingly, it is an object of the instant invention to 5® 
provide for a new and improved thrustor feed system. 

It Is another object of the instant invention to provide 
tor an improved feed system for use in a plasma device. 

If is anotbei object of the instant invention to provide 
for a new and novel arrangement for connecting a thrustor 35 
propellant supply system to a thrustor ionization chamber. 

It is still another object of the instant invention to 
provide for a plasma thrustor wherein the propellant sup- 
ply system is electrically isolated from the ionization 
chamber. 60 

It is yet still another object of the instant invention 
to provide for a plasma thrustor wherein the operation 
of the ionization chamber may be achieved independently 
from the operation of the thrustor propellant supply 
system, 65 

Another object of the Instant invention Is to provide 
for an arrangement for separating the propellant supply 
system from the Ionization chamber in a plasma thrustor. 

It is stitt another object of the instant invention to pro- 
vide for a system whereby a plurality of thrustor* may yg 
be connected to a single propellant supply system and 
operated independently from each other. 


It is «iR another object of the instant ti 

provide for aa electrically, noaconductive conduit «•»>$ 
sembly for use in traasmittmg a vaporized propellas? vj 
from a first location which *s at one voltage to another 
location which is at another voltage. 

These and other objects arc achieved by means of the ' : 
instant Invention in which a plasma thrustor propellant 
supply system is in communication with, yet electrically 
isolated from, a thrustor ionization chamber. To accom- 
plish this, the propeHant supply system is separated freon 
the ionization chamber by means jf an electrically, non- 
conductive conduit, assembly. Means are provided for 
within the conduit assembly to prevent the plasma from 
electrically coupling the ionization chamber to the pro- 
pellant supply system. The conduit assembly is further 
provided with heating means. By having the propellant 
supply system separated from the ionization chamber, a 
single propellant supply system or reservoir may be used 
to provide fuel to many units. Consequently, individual 
modules may be electrically isolated from an array of 
thrustors in the event of an electrical fault or breakdown 
in one or more of the units. The instant invention would 
also ease or simplify the electrical insulation and control 
problems of a supply system for a single module. 

Other objects and many attendant advantages of the ! 
present invention will be apparent from the detailed de- 
scription when taken together with the accompanying 
drawing which is a simplified perspective view of a plasma 
device, feed system of the instant invention. 

Referring now to the drawing there is shown a simpli- 
fied perspective view of a plasma thrustor feed system 
which includes a propellant supply chamber or tank. 11 
adapted to hold a quantity of propellant such as mercury. 
Surrounding the propellant supply chamber 11 is a va- : 
porizing unit 12 which serves to vaporize the liquid pro- 
pellant. However, in the event a gaseous propeHant is 
used this vaporizing unit would not be necessary. A con- 
duit assembly 21 connects the supply chamber 11 to a 
thrustor ionization chamber 31. In operation, propellant 
from the propellant supply chamber 11 is vaporized and 
then transmitted via the conduit assembly 21 into the 
ionization chamber 31. The conduit assembly 21 is con- 
nected to openings 13 and 33 in the supply chamber 11 
and the ionization chamber 31. Gaskets 22, 23 or other 
suitable means at these openings provide a gas tight seal 
to the system. 

The conduit assembly 21 includes an electrically in- 
sulated tubular member 24 which is connected at one end 
to the orifice or opening 13 of the supply chamber 11 and 
at the other end to the opening 33 in the ionization cham- 
ber 31. In the embodiment shown, the electrically, nan- 
conductive tubular member 24 is fabricated from glass; 
however, ceramics or other suitable electrically, noacon- 
ductive materials may similarly be used. The diameter of 
the tubular member 24 should be large enough to ac- 
commodate the thrustor propellant usage rate. la aa 
actual embodiment of the invention built and tested the 
conduit assembly was approximately 30 centimeters long 
and had a diameter of approximately 5 centimeters, la 
order to keep the temperature of the conduit assembly 
above the condensation point of the vapor, heating means 
in the form of an electric coil 25 powered by a battery { 
26 are provided. Other suitable beating means could 
also fee employed. 

In order to prevent the plasma within the ionization 
chamber 31 from electrically coupling the ionization ; 
chamber 31 to the propellant supply system 11, plasma 
restraining means are provided for within the conduit 
assembly 21. Said restraining means includes a plasms 
containment grid 41 and at least one deionization pad 
assembly 51 .. , . - ■ ,W' 


' 3 . 

The plasma containment grid 41 is located close to hut 
not touching the ionization chamber 31 and Is fabricated- 
from any suitable electrically conductive material, lii 
the embodiment shown the containment grid 41 is 0.677 
‘ mfllimcter stainless Steel wire cloth with a fineness of be- 
tween 7 and' .21 mesh per centimeter. In order to provide 
for a greater surface area which in turn will cause less, 
of a pressure drop across the grid 41, the grid 41 is pref- 
erably in the shape of. a cone. -The grid 41 is tightly fit 
within the tube 24, The plasma in the ionization chamber 
31 is restrained from coupling up the ionization chamber 
31 with the propellant supply tank 11 principally by the 
small dimensions of the openings in the grid 41 which are 
less than a sheath thickness fold at the plasma'boundaries. 

The condiat assembly 21 is further provided with 
deionization pad assembly means which are located up- 
stream from the containment grid; that is, between the 
containment grid and the propellant supply unit. Said de- 
ionization pad assembly means are in the form of pad 
assemblies of steel wool or other porous mediums and 
are mounted in tight fitting relationship in the conduit. 
In the drawing two of these pad assemblies 51 and 52 are 
shown. These pad assemblies 51, 52 preferably have a 
large area to volume ratio in order to quench any plasma 
which might seep by the containment grid 41. Each of 
the pad assemblies 51, 52 forms in effect a deionization 
zone in which charged particles escaping from the contain- 
ment grid 41 are recombined to form neutral particles. 
In this recombination process the positively charged 
particles gain electrons from their environment. The large 
surface areas of the pad assemblies 51. 52 are relied upon 
to enhance this process. In the embodiment shown each 
of the deionization pad assemblies 51, 52 comprises es- 
sentially a quantity of medium grade steel wool 53 uni- 
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2. A plasma device feed system comprising 
supply means for 'supplying a quantity of vaporized 

propellant, 

an ionization chamber for ionizing said vaporized pro- 
pellant, . '■ . 

an electrically noncondoctive conduit connected to said 
supply means and said ionization chamber for carry- 
ing said vaporized propellant from said supply means 
to said ionization chamber, and 
a deionization pad assembly located within said con- 
duit for neutralizing plasma particles from said ioni- 
zation chamber. 

3. A plasma device feed system comprising 
a source of ionizable gas, 
an ionization chamber for ionizing said gas, 
an insulating, conduit connected to said source and 

said ionization chamber for carrying said gas from 
said source to said chamber, and 
a conically shaped mesh screen of electrically conduc- 
tive materia! within said conduit for. restraining the 
flow of ionized gas from said ionization chamber to 
said sours*. 

4. A plasma device feed system comprising . : - • 
a source of ionizable material, 
means for ionizing said ionizable material, " ’ ' 
a conduit connected to said source and said ionizing 

means for placing said source in communication with 
said means, and 

a quantity of steel wool disposed between a pair of 
wire screen discs located within said conduit for re- 
straining the flow of ionized material from said ion- 
izing means to said source. 

5. In a propellant feed system for use in an ion thrust or 
having an ionization chamber with a high electrical po- 


25 


30 


fortnly packed between circular stainless steel screen re- 35 lential in which a propellant is ionized, the improvement 

"" comprising 

a source of gaseous propellant electrically isolated from 
the ionization chamber, 

a conduit having one end in communication with said 
propellant source and the opposite end in communi- 
cation with the ionization chamber for transferring 
the propellant therebetween, and 
plasma quenching grid means positioned in said con- 
duit for restraining the flow of ionized propellant 
from the ionization chamber lo said propellant 
source. 

6. The invention according to claim 5 wherein the con- 
duit is glass. - •' 

7. the invention according to claim 5 wherein the con* . 
duff is ceramic. 
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tainers 54. 

Obviously, many modifications and variations of the 
present invention are possible in light of the above teach- 
ings. It is, therefore, to be understood that within the 
scope of the appended claims the invention may be prac- 
ticed other than as specifically de-'cribed. 

What is claimed is: 

I. A plasma device feed system comprising 

supply means for supplying a quantity of vaporized 
propellant, 

an ionization chamber for ionizing said vaporized 
propellant, 

a tabular member of electrically nonconduetive ma- 
teria! connected to said supply means and said 
ionization chamber for carrying said vaporized pro- 50 
pellant from said supply means to said ionization 
chamber, - 

heating means for maintaining the temperature of the 
tubular member above the condensation point of the 
vaporized propellant, and 

. a plasma restraining grid located within said tubular 
member for restraining the flow of ionized propel- 
lant from the ionization chamber to said supply 
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